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Summary.-Biodegradable injectable bulking agents of animal origin present a fast rate of bio-reabsorption and may cause an allergic reaction. Biodegradable elements of synthetic origin have a high rate of reabsorption after a year. Nonbiodegradable agents of synthetic origin lead to the formation of a fibrotic capsule, giving stability and long-term permanence. VANTRIS® is categorized into this last group; it belongs to the family of Acrylics, particles of polyacrylate polyalcohol copolymer immersed in a glycerol and physiological solution carrier. Molecular mass is very high. When injected in soft tissues, this material causes a bulkiness that remains stable through time.

The carrier is a 40% glycerol solution with a pH of 6. Once injected, the carrier is eliminated by the reticular system through the kidneys, without metabolizing. Particles of this polyacrylate polyalcohol with glycerol are highly deformable by compression, and may be injected using a 23-gauge needle. The average of particles size is 320 mm. Once implanted, particles are covered by a fibrotic capsule of up to 70 microns.
Particles of this new material are anionic with high superficial electronegativity, thus promoting a low cellular interaction and low fibrotic growth.
The new polyacrylate polyalcohol copolymer with glycerol was tested for biocompatibility according to ISO 10993-1:2003 in vitro 
INTRODUCTION
Endoscopic injection of bulking agents has been gaining attention as a therapy for urinary incontinence and vesicoureteral reflux, because this therapy is simpler, less time-consuming, and less painful than traditional surgeries. The ideal bulking agent for the injection therapies must be easily injectable, biocompatible, volume-stable, non-antigenic and non-migratory (1, 5).
VANTRIS® is composed of anionic microparticles of polyacrylate polyalcohol copolymers, immersed in a glycerol and physiological solution carrier. Polyacrylates are super-absorbent polymers due to their structure. In the case of the polyacrylate polyalcohol copolymer, the sodium carboxylate groups hang off the main chain. When in contact with water, sodium ions come off leaving negative groups free. These repel one another, since they are negatively charged, so the polymer unfolds and absorbs water. The polyacrylate polyalcohol copolymer has a very high molecular weight (~10 million Daltons) and it comes in the form of deformable particles.
VANTRIS®, just like other bulking agents, can be used not only for stress urinary incontinence and vesicoureteral reflux treatment, but also for the treatment of gastroesophageal reflux disease (GERD), fecal incontinence and aesthetic surgery.
We evaluated polyacrylate polyalcohol particles (VANTRIS®) as an injectable bulking agent for urologic injection therapies. To determine whether VANTRIS meets the requirements of an ideal bulking agent, all properties were evaluated, according to ISO 10993-1:2003 standards.
A protocol was made to evaluate the local reaction, the localized migration and long-distance migration of the new substance in crossbred female dogs to:
1. Evaluate bulk permanence in the urethras of female dogs in the short-term (13 weeks) and long-term (12 months) after implantation.
2.
Evaluate if there was any migration of the implanted substance to organs in the short term (13 weeks) and long term (12 months).
3. Histopathologic evaluation of the tissues surrounding the urethra.
METHODS
Polyacrylate polyalcohol was from Emerging Technologies inc (Greensboro, NC, USA). The material consists of particles of polyacrylate polyalcohol that were purified by supercritical carbon dioxide treatment to remove impurities. The purified particles of polyacrylate polyalcohol were dissolved in a dilution 1/25, in a biocompatible glycerol and physiological solution (40 % of glycerol).
Determination of Particles Size: The size of the particles was measured after being extruded through 23-gauge needles, using a laser diffractometer with measurement capacity between 0.02 to 2000 microns.
The chosen hosts were 7 crossbred female dogs that weighed between 20 and 28 kg, and they were injected with acrylate transurethrally.
This kind of animal has been successfully used in other studies where the migration of particles, like Teflon and silicon particles injected in the urethra, was evaluated (2, 3).
For the implantation of the substance in the female dogs, the material used was an endoscope with a 7 French (Fr) working channel, 30º optics, sleeve with double irrigation system and Albarran lever. Xenon 300, by the company Storz, with endo-camera of the same origin. The injection line used was a 5 Fr catheter, 33 cm length, and 23-gauge needle and 1,5 cm long.
The animals were placed in the supine position with the distal portion (sacrum coccyx) free to allow movement and facilitate the insertion of the endoscope.
Once all the animals were anesthetized with atropine/acedan/diazepam in an antebrachial vein, the animals' vaginas were examined, previous antisepsis with providone iodine solution. To facilitate the entrance to the urethra and prevent injuries in the mucous membrane, a gel of Xylocaine 3% was used and the faucet of washing liquid was opened (sodium chloride solution). The bladder was entered and a complete examination was made, especially of the bladder neck and urethral meatuses. The injection line had to be drained with the substance and distally oriented 1 cm from the edge of the bladder neck. The urethral mucosa was punctured positioning the bevel of the needle.
Punctures were made at hours 3, 6 and 9 with enough volume to achieve complete closing of the urethral gap. The total average volume of injection needed was 3.2 ml (1.2-5.6 ml). The integrity of the bladder was monitored by cystoscopy, as well as the proper injection of the material with the consequential bulk formation.
To prevent material from coming out, the position of the needle was maintained in each puncture for 30 seconds.
The endoscope was not reintroduced in the bladder to prevent "flattening" of the bulks.
It wasn't necessary to probe any animals for retention.
The periodic control examinations were made, avoiding entering the bladder without the due observation and documentation of proximal urethra.
• Three of the female dogs were evaluated 13 weeks later (short-term) and the other 4, 12 months later (long-term). The evaluation consisted in: 1) Observation with cystoscopy: Preimplant on weeks 0 and 13 in the short-term evaluation, and preimplant on months 0, 3, 6, 9 and 12 in the long-term evaluation with video recording.
2) Ultrasound observation of the bulk formed: Post-implant on week 13 in the short-term evaluation, and post-implant on months 3, 6, 9 and 12 in the long-term evaluation with video recording.
3) Migration study: Once the established terms had been completed (13 weeks and 12 months), the animals were slaughtered, and the following organs were extracted: lung, bronchus, brain, heart, kidney, spleen, periureteral lymph nodes and liver, they were placed in separated flasks in a 10% formalin solution for subsequent histopathologic analysis, which consisted in microscopic observations of extracted organs. 4) Histopathology of the urethra: together with the organs mentioned above, the urethra was extracted and preserved in 10% formalin. The following were determined: Thickness of the capsule and the presence of: Polymorphonuclear inflammation, lymphocytes, plasmatic cells, macrophages, giant cells, necrosis, fibroplasias, fibrosis, fatty infiltration and foreign object.
RESULTS
Particles of polyacrylate polyalcohol copolymers are anionic. This means that they have a high superficial electronegativity that confers a very low cellular interaction and low fibrotic growth around them to the medium where they are implanted. This material, when injected in soft tissues, produces a bulkiness that remains stable through time. 265 
FIGURE 1. Analysis of particle size of VANTRIS®, extruded through transurethral injection using a 5-Fr catheter and a 23-gauge needle. Method for measurement: Laser diffractometer -Malvern Mastersizer.
The carrier is a solution of 40% glycerol with a pH of 6. Once implanted, the glycerol carrier is eliminated by the reticulo-endothelial system, without metabolizing, and excreted through the kidneys, while the particles remain for permanent bulking.
Particles of polyacrylate polyalcohol copolymer are highly deformable by compression, and may be easily extruded manually through 23-gauge needles. After the extrusion process, the analysis by laser diffractometer shows an average of particles size of 320 mm (Figure 1 ).
Once implanted, particles encourage adhesion to host tissues, generating a fibrotic capsule of up to 70 microns around them. Results are shown in Table I .
Short and long term controls with cystoscopy, at the different times of observation, according to the suggested protocol, prove that "bulks" can be appreciated in all the animals with varying levels of closing of the proximal urethra. Preimplant cystoscopy verified the good condition of the bladder, bladder neck and urethra.
During implantation, enough material was placed (between 1.2 and 5.6 ml, containing 48 mg and 224 mg of Polyacrylate polyalcohol particles) until urethral closing was verified. After implant, original bulks undergo a slight readaptation but preserve intraluminal urethra closing observed by urethroscopy in the female dogs.
Bibliography quotes that success of endoscopic therapy depends more on the positioning of the implants and on the ability of the surgeon as well as the selection of patients, than in the choice of material (6).
Injections were administered in the urethral submucosa; nonetheless, in some punctures material was implanted past the submucosa. This was demonstrated by the histopathologic analysis of the 7 urethras analyzed, where in 3 of the 7 female dogs the material was found in the subserous and muscular layers. In those cases, instead of appearing inside the urethral lumen, the bulk was found in deeper layers.
Images obtained with anal and/or vaginal ultrasound in the post-implant period, in the short-term evaluation as well as in the long-term evaluation evidenced a homogeneous anechoic image, with defined borders located in the periurethral area, with approximate measures of 0.3 cm (anteroposterior) x 0.5 cm (longitudinal) x 0.2 cm (transverse).
On week 13, no particles, signs of inflammation or necrosis were observed in any of the organs analyzed in the 3 female dogs with 70 cuts of the lung, heart, bronchus, 
RESULTS
The two product extracts tested (organic and saline) produce no mutations in the bacterial strains analyzed
The extract tested produces no cellular toxicity
The product produces no chromosomal aberrations in mammal cells with or without metabolic activation
The product causes no sensitivity No particles are observed at the level of the lung, heart, brain, bronchus, kidney, spleen, periurethral lymph nodes and liver. Cystoscopy and ultrasound showed that the implants remained stable
The product causes no carcinogenicity or chronic toxicity.
The product is not genotoxic for mice
IN VIVO STUDIES IN VITRO STUDIES TABLE I. IN VITRO AND IN VIVO TEST ACCORDING TO ISO 10993-1:2003 (BIOLOGICAL EVALUATION OF MEDICAL DEVICES).
kidney, spleen, peribronchial, paratracheal and abdominal lymph nodes, pancreas, ovaries, oviduct uterus, intestine and liver. 70 serial cuts were made to the urethra, and the histopathologic report demonstrated the presence of implanted material distributed in the submucosa in 2 female dogs, and in the others, an annular distribution of implanted material was observed in the muscular area of the urethra (Figure 2) .
A hypersensitive capsule of connective tissue of up to 70 microns developed around the implant, which protrudes from the rest of the tissue, in the three female dogs studied (Figure 2 ).
The cellular infiltrate adjacent to the implant includes lymphocytes with few plasmatic cells, with no eosinophils or neutrophils in the three female dogs studied. No necrosis was observed either, or contact with the urethral epithelium.
On month 12 no particles, signs of inflammation or necrosis were observed in no one of the organs analyzed in the 4 female dogs with 70 sections of the lung, heart (Figure 3 ), brain, kidney (Figure 4) , spleen, peribronchial, paratracheal and abdominal lymph nodes, including retroperitoneal and suprarenal lymph nodes, pancreas, and liver.
70 serial cuts were made to the urethra, and the histopathologic report showed the presence of implanted material distributed in the subserous membrane in 2 of the 4 female dogs studied, while in the other two no material was observed, only fibrosis in the submucosa and among the muscular layers.
Inflammatory infiltrate with lymphocyte prevalence was observed in the four female dogs studied, with giant cells and plasmatic cells, making evident a fibrotic capsule of up to 70 microns.
DISCUSSION
The physiochemical properties of VANTRIS® make it suitable for treatment, not only of vesicoureteral reflux but also of urinary incontinence on effort due to intrinsic sphincter deficiency. When these particles are implanted in the ureterovesical junction, the material acts enlarging the volume of the area and correcting the anatomy of the meatus and the distal ureter, preventing urine to return to the ureter after being stored in the bladder. In the case of the treatment of intrinsic sphincter deficiency particles are implanted between the middle urethra and the bladder neck, and the material acts enlarging the volume of the area and assisting to return to urinary continence. Other possible applications of the substance are: treat-
